General Overview
The Distromet disdrometer model RD-80 and NovaLynx tipping bucket rain gauge model 260-2500E-12 are two devices deployed a few meters apart to measure the character and amount of liquid precipitation. The main purpose of the disdrometer is to measure drop size distribution, which it does over 20 size classes from 0.3 mm to 5.4 mm. The data from both instruments can be used to determine rain rate. The disdrometer results can also be used to infer several properties including drop number density, radar reflectivity, liquid water content, and energy flux. Two coefficients, N 0 and Λ, from an exponential fit between drop diameter and drop number density, are routinely calculated. Data are collected once a minute.
The instruments make completely different kinds of measurements. Rain that falls on the disdrometer sensor moves a plunger on a vertical axis. The disdrometer transforms the plunger motion into electrical impulses whose strength is proportional to drop diameter. The rain gauge is the conventional tipping bucket type. Each tip collects an amount equivalent to 0.01 in. of water, and each tip is counted by a data acquisition system anchored by a Campbell CR1000 data logger. 
Contacts

Mentor
Near-Real-Time Data Plots
This section is not applicable to these instruments.
Data Description and Examples
Data File Contents
Data Streams XxxdisdrometerC1.00 XxxdisdrometerC1.b1 XxxrainC1.00 XxxrainC1.b1 XxxrainauxC1.00 XxxraiauxnC1.b1
Where xxx = three letter site designation.
Primary Variables and Expected Uncertainty
The variables for the disdrometer and tipping bucket rain gauge are listed in Tables 1 and 2 . Note: lat/lon/alt refers to the ground where the instrument is sited, NOT the height of the sensor. Table 2 . Tipping bucket rain gauge variables, datastream ******************. Note: lat/lon/alt refers to the ground where the instrument is sited, NOT the height of the sensor.
Primary Variables for Disdrometer and Tipping Bucket Rain Gauge
Expected Uncertainty
The disdrometer measures rain drop size over the range of 0.3 mm to 5.4 mm once a minute. The expected uncertainty is 3% of drop diameter for those drops landing on the very center of the sensor. Mainly due to the fact that the sensitivity of the sensor is somewhat dependent on the location of a drop impact on the sensitive surface of the sensor cone, the pulse amplitudes of drops of equal diameter will form a distribution around the average amplitude. The standard deviation of this distribution, transformed into drop diameters, is approximately +/-5% if the drops are distributed evenly over the sensitive surface.
The specified accuracy of a drop size measurement of +/-5% of the measured drop diameter means that the average measured diameter of a large number of drops of equal diameter, evenly distributed over the sensitive surface of the sensor, will be within 5% of their actual diameter. Typical values for the drop size classes, terminal fall velocities, and diameter intervals are listed in Table 3 . Precipitation amounts measured by the rain gauge are reported once a minute with an uncertainty of 0.001 mm.
Definition of Uncertainty
We define uncertainty as the range of probable maximum deviation of a measured value from the true value within a 95% confidence interval. Given a bias (mean) error B and uncorrelated random errors characterized by a variance σ 2 , the root-mean-square error (RMSE) is defined as the vector sum of these:
(B may be generalized to be the sum of the various contributors to the bias and σ 2 the sum of the variances of the contributors to the random errors). To determine the 95% confidence interval we use the Student's t distribution: t n;0.025 ≈ 2, assuming the RMSE was computed for a reasonably large ensemble. Then the uncertainty is calculated as twice the RMSE.
Secondary/Underlying Variables
Diagnostic Variables
When the rainfall rate is between 1 and 10 mm per hour for several hours, a comparison with the tipping bucket rain gauge is warranted. In such cases the total rain amounts over the event should agree to within 15%. Otherwise the best indicators of instrument health and performance are carried out via monitoring the quality control flags discussed in the next section.
Data Quality Flags
If the data is missing for a sample time, a "missing-value" value of -999 is assigned to that field. Note: lat/lon/alt refers to the ground where the instrument is sited, NOT the height of the sensor. Note: lat/lon/alt refers to the ground where the instrument is sited, NOT the height of the sensor.
Annotated Examples
User Notes and Known Problems
Routine testing of the electronic processor unit of the disdrometer system results in a number of drops (typically a few hundred) occurring in drop class 7 (1 mm), when little or no drops occur in the other classes. Testing takes place once a week, provided it is not raining, and is usually run between 15:00 and 18:00 UTC. These observations should be ignored. Furthermore, wind can cause the sensor to vibrate, resulting in false detection of small drops usually in the 0.3 mm drop class; see figure below. 
Frequently Asked Questions
Data Quality
Data Quality Health and Status
The following links go to current data quality health and status results:
• DQ HandS (Data Quality Health and Status)
• NCVweb for interactive data plotting
The tables and graphs shown contain the techniques used by ARM's data quality analysts, instrument mentors, and site scientists to monitor and diagnose data quality.
Data Reviews by Instrument Mentor
• QC frequency: Once or twice a week
• QC delay: Three days after the current day
• QC type: DSview plots for instrument operation status, otherwise DQ HandS diagnostic plots
• Inputs: None
• Outputs: DQPR and DQR as needed
• Reference: None
Data Assessments by Site Scientist/Data Quality Office
All Data Quality Office and most Site Scientist techniques for checking have been incorporated into DQ HandS and can be viewed there.
Value-Added Products and Quality Measurement Experiments
Many of the scientific needs of the ARM Climate Research Facility are met through the analysis and processing of existing data products into "value-added products," or VAPs. Despite extensive instrumentation deployed at the ARM sites, there will always be quantities of interest that are either impractical or impossible to measure directly or routinely. Physical models using ARM instrument data as inputs are implemented as VAPs and can help fill some of the unmet measurement needs of the program. ARM produces other VAPs to improve the quality of existing measurements. In addition, when more than one measurement is available, ARM also produces "best estimate" VAPs. A special class of VAP, called a Quality Measurement Experiment (QME), does not output geophysical parameters of scientific interest. A QME adds value to the input datastreams by providing for continuous assessment of the quality of the input data based on internal consistency checks, comparisons between independent similar measurements, or comparisons between measurement with modeled results, and so forth. For more information, see VAPs and QMEs web page.
Instrument Details
Detailed Description
A detailed discussion of the disdrometer instrumentation and technique can be found in Section 9 of the disdrometer operating instructions. For a copy of the operating instructions, contact the instrument manufacturer, DISTROMET LTD.
The 260-2500 Tipping Bucket Rain Gauge user's manual is available on the manufacturer's website.
List of Components
The sensors are well described in the links mentioned above. The other components of the system comprise the data acquisition system. Two waterproof enclosure boxes house the electronics used to collect and send the data to the site data management facility. Figure 2 shows the wiring diagram, and Figures 3-4 show close-up views of the data acquisition electronics. 
System Configuration and Measurement Methods
The Data Acquisition Cycle
During normal operation, both the disdrometer and the rain gauge gather measurements once a minute.
Firmware Overview Processing Received Signals
The disdrometer's manufacturer provides software for data acquisition, analysis, and inspection. The program is called Disdrodata, and it runs on a personal computer (Figure 3) , which in this case is an ARM Core PC, Dell GX620 running Windows XP.
Data acquisition for the tipping bucket rain gauge is carried out with a CR1000 Campbell Scientific data logger.
Siting Requirements
The disdrometer needs a level firm base and a quiet environment because acoustic noise can be detected by the sensor. Strong winds that produce turbulence at the edges of the sensor are a source of error as well. Mounting the top of the sensor flush with its surroundings minimizes the wind problem. Furthermore, the sensor must not be flooded, and the top of the sensor needs to be free of snow. Lastly, external sources of electromagnetic fields and power surges can interrupt and influence the measurements made by the disdrometer.
The site requirements for the rain gauge include a solid footing and a relatively sheltered area. A wind screen will be required for an open SGP prairie installation and may be needed in Darwin as well. Objects nearby should be at least twice as far away as their height. If snowfall can be expected at the site, the opening of the gauge should be above average snow level.
Specifications
The disdrometer specification can be found in Section 4 of the user's manual.
Theory of Operation
Calibration
The disdrometer sensor and processor will be sent to Distromet for calibrations once a year. This should be done during the winter at SGP and during the driest time of the year for Darwin.
The tipping bucket gauges should follow the procedures used for the SMOS system. Currently a tip test is conducted once every 2 weeks. When ARM's dynamic calibration system is ready, a full calibration should be done once a year.
Theory
Procedures
History
Both devices were last calibrated in the fall of 2005.
User Manuals
Disdrometer Manual-Contact the instrument manufacturer
Tipping Bucket Rain Gauge Manual-260-2500e-manual.pdf
Routine Operation and Maintenance
Frequency: weekly
Inspection of site grounds near the instrument
Visually check the site grounds around the instrument for hazards such as rodent burrows, buried conduit trench settling, and insect nests.
:
No Problems Noted Problem -Enter any applicable comments for this PM Activity
Checklist response:
Conduit, Cables, and Connectors:
Visual inspection of instrument components:
Check that all the conduits on the bottom of the control boxes are secure. Check all conduits from the control boxes to the sensors for damage. Check all sensor wires inside the control box for tightness and damage. Check all the connections at the sensors for damage, water intrusion, and tightness.
Drop Size Classes
